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Summary 
 
  Tensile strength (TS), water aggregate stability (WAS) and organic carbon 
(OC) content were measured in soil surface aggregates collected from a dryland 
cereal field of semiarid Aragon. Three tillage treatments were considered 
(conventional tillage, CT; reduced tillage, RT; and no tillage, NT) and compared 
with an adjacent natural soil (NAT). With respect to CT, soil physical quality 
was improved with adoption of NT. However, NAT soils show the best 
structural condition. The OC of aggregates was a key factor to explain the 
differences among soil management. Our results show that in semiarid Aragon, 
conservation tillage practices as NT can improve soil structure by enhancing soil 
organic carbon content.  
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Introduction 
 
  In semiarid Aragon, particular soil and climate characteristics make this region prone to land 
degradation. Conservation tillage has been proposed as an alternative agriculture option but 
benefits of its adoption are climate and soil-specifics, and time-dependent (Blanco-Canqui & 
Lal, 2007). Likewise, a further understanding of the soil response requires its characterization at 
the aggregate level (Horn, 1990). The aim of this study was to determine the effect of NT on 
physical properties of soil aggregates with the ultimate objective of assessing the suitability of 
this conservation practice to improve soil quality of agricultural lands in semiarid Aragon. 
 
Materials and methods 
 
  Three long-term tillage treatments (18 years) were compared: conventional tillage (CT, 
mouldboard ploughing), reduced tillage (RT, chiseling) and no tillage (NT). A nearby 
uncultivated land (NAT) was also considered. Soil aggregates of different sizes (16-8, 8-4, 4-2 
and 2-1 mm in diameter) were obtained by dry sieving from samples taken at the soil surface (0-
5 cm depth). Following the WAS method of Kemper & Rosenau (1986) and the exponential 
model established by Zanini et al. (1998), the relative contribution of the different processes of 
the destabilization of soil in water was determined with aggregates of 2-1 mm. The TS was 
measured in individual aggregates of the 4 size ranges by crushing test Dexter & Kroesbergen 
(1985) using a universal machine INSTRON. The OC in all aggregate sizes was determined by 
dry combustion with a LECO-analyzer. 
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Results 
 
  The exponential equation from Zanini et al. (1998) described successfully the dynamics of soil 
aggregate breakdown in water (Fig. 1a) (r2=0.940-0.983). In the cultivated soils, most of the 
aggregate loss occurred during the initial wetting (60-80% loss). In general, slaking was the 
main breaking process with the highest values corresponding to the CT and RT treatments, and 
the lowest to the NAT soils (Fig. 1b).  
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
   
  For all aggregate sizes, the significant highest OC contents were found in the NAT soils (Fig. 
3). In the cultivated soils, the NT treatment exceeded the OC values recorded under CT and RT. 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
Fig. 2. Tensile strength (TS) of soil 
aggregates of different size as affected
by soil tillage (CT, conventional tillage;
RT, reduced tillage; NT, no tillage;
NAT, natural soil).  
 
Fig. 1. Effect of soil tillage (CT, conventional tillage; RT, reduced tillage; NT, no tillage;
NAT, natural soil) on (a) aggregate breakdown curves during wet sieving and (b)
disaggregation kinetic parameters estimated from the curves (Sw, swelling and dispersion 
processes; Sk, slaking; Fw, aggregate loss during fast wetting; Total, total loss after 60 min). 
Fig. 3. Organic carbon (OC)
content in soil aggregates of 
different size as affected by soil 
tillage (CT, conventional tillage; 
RT, reduced tillage; NT, no 
tillage; NAT, natural soil).  
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  It has been widely recorded in the literature that cultivation of a virgin soil usually generates 
substantial losses of soil OC. In our study area, the lower OC contents in the cultivated fields 
than in NAT were also accompanied by a decline in soil structure. Either values of WAS or of 
TS were significantly lower in the agricultural soils though to a lesser extent in NT (Figs 1 and 
2). Thus, cultivated soils were extremely susceptible to water disruption and, more specifically, 
to slaking. However, this disruption was strongly related with the magnitude of soil disturbance 
(CT>RT>NT). The greater resistance of the NT aggregates can be due to their higher OC 
contents since 83% of the variability found in the breakdown by slaking is explained by the OC 
(Fig. 4). Probably, organic compounds interact with clays promoting some hydrophobicity on 
the aggregate matrix. Likewise, the absence of soil disturbance in NT could develop a network 
of roots and hyphae that act as binding agents and protect aggregates from slaking (Amézqueta, 
1999). 
 
 
 
 
 
 
 
 
 
 
 
 
  As also observed by Blanco-Canqui et al. (2005) for a silt loam soil, in our study values of TS 
were inversely related with both OC and size of soil aggregates, following the equation (Fig. 5): 
 
  TS = -304 + 559*OC-1 + 353*Size-1                           (1)  
 
  Probably, the highest TS values found in CT and RT are due to the pos-tillage consolidation 
which results in denser, more compact and stronger aggregates than those from NT and NAT 
soils (Munkholm & Kay, 2002). 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
  Results indicate that agriculture management in semiarid Aragon leads to a reduction in soil 
organic matter and a decline in soil structure. However, versus CT, conservation tillage 
practices, especially NT, improve the physical quality of soils in the study area by increasing 
the OC content in the soil surface. Therefore, NT can be recommended as a suitable tillage 
practice to control soil degradation and enhance productivity in agricultural lands of Aragon. 
 
Fig. 5. Relationship between measured 
and predicted tensile strength (TS) of 
soil aggregates using Eq. (1). The 
volume of the balls represents 
aggregate size (CT, conventional 
tillage; RT, reduced tillage; NT, no 
tillage; NAT, natural soil). 
Fig. 4. Relationship between organic
carbon (OC) of soil aggregates and
aggregate breakdown by slaking (CT, 
conventional tillage; RT, reduced
tillage; NT, no tillage; NAT, natural
il)
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